. To examine ERK acti-SNT site alone had no effect. Stimulation of the TrkB vation, infected neurons were exposed to neurotrophin Shc Ϫ /PLC-␥1 Ϫ receptor induced Akt phosphorylation for 10 min, and the lysates were then probed with a equivalent to or, in some instances, slightly lower than phosphorylation and activation-specific ERK antibody stimulation by TrkB Shc Ϫ . When both the Shc and PLC-( Figure 3A ). Both ERK isoforms were robustly phosphor-␥1 binding sites were mutated, Akt phosphorylation was ylated upon stimulation of either endogenous TrkA or still considerably higher than that seen in control neuectopically expressed TrkB ( Figure 3A LY 294002 reduced survival to 2%. These data indicate NGF was added to the medium in one of the side compartments, and 25 ng/ml BDNF into the other. The centhat the PI3-kinase and MEK kinase pathways work cooperatively in promoting neuronal survival in response tral compartment contained 10 ng/ml NGF throughout the experiment to maintain neuronal survival. Axon elonto TrkB activation, whereas MEK activity is dispensable for TrkA-mediated survival. gation into both compartments was then measured over the subsequent 3 days, where the longest axon in each track of each side compartment (16/side) was recorded. BDNF successfully promoted axon outgrowth of TrkBTrkB Mediates Axon Outgrowth expressing sympathetic neurons in Campenot cultures of Sympathetic Neurons ( Figure 6B ). Growth was less robust into BDNF than into We next examined the mechanisms underlying Trk-NGF, likely because adenoviral infection was observed mediated promotion of axon outgrowth in sympathetic to be much less efficient in compartmented cultures neurons, using the same TrkB mutants. Since some of compared to mass cultures, resulting in lower numbers these receptor mutants do not support survival, we perof infected cells and, in all probability, lower levels of formed this analysis in compartmented Campenot chamTrkB expression per infected neuron. Nonetheless, bers (Campenot, 1994), a system that allowed us to disso-BDNF promoted axon growth at a constant rate in WT ciate survival from growth ( Figure 6A ). Neurons were TrkB-infected cultures, although the rate was slower plated in the central compartment of Campenot chamthan that for NGF-mediated growth into the other side bers, and axons were encouraged to grow into side compartment (15 /hr versus 60 /hr) ( Figure 6C ). We compartments by the addition of 10 ng/ml NGF in both also found that growth into BDNF was quite heterogecenter and side compartments. After cultures were esneous, again likely due to heterogeneity in viral infection. tablished for 5-6 days, cells were infected with adenoviWe therefore plotted the data for these and subsequent ruses expressing WT TrkB or TrkB mutants, and 2 days experiments as a distribution plot. We then demonlater, any axons in the side compartments were washed away (Campenot, 1994). After this axotomy, 10 ng/ml strated the specificity of this BDNF-mediated growth 5 ). In all effect on TrkB-mediated growth. In contrast, the TrkB cases, growth on the control side into BDNF alone was Shc Ϫ receptor was significantly less effective at promotnormal, demonstrating that the inhibitors antagonized ing local axon outgrowth than was WT TrkB; fewer TrkB axon outgrowth by locally inhibiting signaling pathways. Shc Ϫ axons grew into BDNF and those that did grow Furthermore, treatment with DMSO vehicle alone had were quite short and often started to degenerate after no effects on axon outgrowth (data not shown). Thus, several days in BDNF. The TrkB Shc Ϫ /PLC-␥1 Ϫ receptor axon elongation into BDNF mediated by TrkB appears yielded a profile similar to that seen with TrkB Shc Ϫ , to require both the MEK and PI3-kinase pathways. confirming that the PLC-␥1 activation site is of little or We performed two control experiments to confirm that no consequence to axon outgrowth. Even in the absence treatment of side compartments with these pharmacoof both the Shc and PLC-␥1 association sites, however, logical inhibitors did not retrogradely disrupt signaling the TrkB receptor maintained some ability to promote in the center compartment, thereby compromising cell local axon outgrowth in comparison with the kinase viability. First, we stimulated uninfected cultures with dead receptor, although this growth was not well main-NGF on one side and NGF in combination with LY tained. Thus, the Shc binding site of TrkB is the major 294002, PD 98059, or U0126 on the other side for 30 mediator of local axon outgrowth in sympathetic neumin, and then lysed the two sides separately, and we rons, although a second as yet undefined site appears to also play a role.
also lysed the central cell body compartment. Lysates . Blots were incubated with secondary antibodies (BoehringerMannheim) for 1 hr, and detection performed using ECL (Amersham). AGG-3Ј (sense) and 5Ј-CCTTCAGCGTGTTCACGGCCAC-3Ј (antisense). All antisense primers were used with an upstream primer Biochemical stimulations in Campenot cultures were carried out with a few variations. All compartments were washed with NGFflanking a unique NdeI site; sense primers were reacted with a downstream primer surrounding a unique NruI site. To generate free medium for 4 hr. Cells were preincubated with different pharmacological inhibitors for 45 min prior to stimulation. Stimulation me-Y785F, an antisense primer of 5Ј-TGATCACTAGCCTAGGATGTCCA GGAACAGGGGCGACGC-3Ј was used with an upstream oligo condium was then added for 30 min at 37ЊC. Individual compartments were harvested in sample buffer (1.7% SDS, 0.08% glycerol, 0.013 taining a unique BglII site. g/ml DTT, bromophenol blue), boiled, and assayed. Lysates from two dishes were pooled and separated on SDS-PAGE gels and Generation of Recombinant Adenoviruses analyzed as described above. TrkB constructs were excised from pSK-TrkB with BclI and cloned into the BamHI site of pAdTR5F (Massie et al., 1998) . Recombinant Survival Assays adenoviruses were generated, amplified, purified, and titered as Cells were cultured in a 96-well dish and infected as described. Two days postinfection, existing axons were axotomized as de-(BioWhittaker) supplemented with 100 U/ml penicillin, 100 g/ml scribed by Campenot (1992). Anti-NGF (Sigma) was used to neutralstreptomycin, 2 mM glutamine, 2% rat serum (Harlan), 7 M cytosine ize residual NGF. Medium containing the appropriate neurotrophins arabinoside (CA), and 10 ng/ml NGF (Cedarlane Labs). After 4 days, and/or pharmacological inhibitors was added back to the side comcultures were infected overnight in DMEM (GIBCO) with 10% FBS partments and regrowth measured. Axon extension was measured and 10 ng/ml NGF, a medium which increased infection efficiency.
in each track (16/side compartment) of each dish with the use of an After infection, cells were again maintained in Ultraculture (serumocular micrometer and inverted phase-contrast microscope (Ziess). free, CA-free) with 10 ng/ml NGF for 2 days prior to analysis.
Experiments were performed in duplicate and repeated 3 times. Campenot cultures were prepared as described by Campenot (1994). SCG neurons were plated into central compartments (0.75
